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I.  Introduction 


Modifications  to  the  firing  tables  for  direct  fire  weapons  are  being  developed  to  assist 
range  safety  officials  in  the  determination  of  range  safety  limits  for  a  variety  of  nonstandard 
conditions.  Currently,  firing  tables  only  list  the  range/superelevation  relationship  achieved 
under  standard  conditions;  therefore,  a  set  of  range  correction  values  for  nonstandard 
conditions  are  needed.  These  range  correction  values  are  provided  for  three  nonstandard 
conditions  which  typically  cause  the  largest  effects,  namely,  changes  in  air  density,  range 
wind  (head  or  tail)  and  muzzle  velocity. 

The  change  in  muzzle  velocity  is  the  most  difficult  to  obtain  of  the  three  nonstan¬ 
dard  conditions  included  in  the  firing  table  modifications.  The  most  obvious  and  signifi¬ 
cant  contributor  to  the  change  in  muzzle  velocity  is  the  change  in  propellant  temperature. 
Therefore,  an  effort  was  undertaken  to  establish  muzzle  velocity  variations  for  nonstandard 
propellant  temperatures  for  direct  fire  weapon  systems.  For  some  ammunition  types,  muz¬ 
zle  velocity  data  as  a  function  of  propellant  temperature  were  easily  accessible.  However, 
the  data  were  not  readily  available  for  small  arms  ammunition.  Therefore,  an  analysis  of 
test  results  (muzzle  velocities  for  different  propellant  temperatures)  was  conducted.  Muz¬ 
zle  velocity  data  as  a  function  of  propellant  temperature  between  -65°  F  and  ICO0  F  were 
obtained  from  several  sources1-5  and  analyzed. 

II.  Results 

The  muzzle  velocity  data  used  in  this  analysis  were  gathered  on  a  variety  of  small 
arms  ammunition  which  use  Ball  and  IMR  type  propellants.  Table  1  is  a  listing  of  the 
specific  small  arms  ammuniton  presented  in  this  report. 


Table  1.  Small  Arms  Ammunition  Used  in  Data  Analysis 


Ammunition  Type 

Propellant  Type 

5.56mm  NATO,  M193 

Ball 

6mm  Remington  (Commercial) 

Ball  and  IMR 

7mm  Remington  Magnum  (Commercial) 

Ball  and  IMR 

.308  Winchester  (7.62mm  NATO,  Commercial) 

Ball  and  IMR 

.340  Weatherby  Magnum  (Commercial) 

IMR 

25mm,  HEI-T,  M792 

Ball 

30mm,  HEDP,  M789 

Ball 
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A  muzzle  velocity  propellant  temperature  factor,  ■  was  determined  and  plotted 

as  a  function  of  propellant  temperature  for  the  two  propellant  types  (Ball  and  IMR) 


where: 


MV  =  muzzle  velocity  at  a  given  propellant  temperature 


MVstd  =  standard  muzzle  velocity  at  a  propellant  temperature  of  70 °F. 

A  least  squares  fit  was  then  used  to  determine  the  muzzle  velocity  propellant  temperature 
coefficient  as  a  function  of  propellant  temperature  for  each  propellant  type.  Figures  1  and 
2  graphically  display  the  muzzle  velocity  data  and  the  least  squares  fits  for  the  Ball  and 
IMR  propellants,  respectively.  Since  these  fits  proved  to  be  very  similar  and  their  overall 
spread  at  each  propellant  temperature  was  similar,  the  muzzle  velocity  data  for  both  the 
Ball  and  IMR  propellants  were  combined  and  one  muzzle  velocity  propellant  temperature 
coefficient  was  determined.  Figure  3  shows  the  combined  muzzle  velocity  data  and  least 
squares  fits  for  Ball  and  IMR  propellants.  The  muzzle  velocity  propellant  temperature 
coefficients  were  determined  as  follows: 


MV 

A/ 1  STD 


1  +  a(PT  -  70 °F) 


(1) 


or, 


MV  =  [1  +  a{PT  -  70°F)  ]  *  MVStd 


(2) 


where: 


a  =  muzzle  velocity  propellant  temperature  coefficient , 


PT  =  propellant  temperature  (°F) 


and  the  change  in  muzzle  velocity  with  respect  to  propellant  temperature  (  ^pt‘  )  's 


SMV 

6PT 


a  MVstd 


(3) 
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As  determined  by  the  least  squares  fitting  technique,  the  muzzle  velocity  propellant 
temperature  coefficients  (a),  their  standard  deviations  (<7a)  and  the  root  mean  square  errors 
(ERMS)  of  the  fits  are  provided  in  the  following  table.  The  fits  match  the  observed  data 
points  with  root  means  square  errors  of  no  more  than  1.4  percent. 


Table  2.  Muzzle  Velocity  Temperature  Coefficients 


Propellant  Type 

a 

(1  /°F) 

<?a 

(1/°F) 

ERMS 

Ball 

.000408 

.000010 

.014 

IMR 

.000373 

.000026 

.011 

Ball  and  IMR 

.000405 

.000010 

.013 

The  original  expectation  was  that  projectiles  fired  with  the  Ball  and  IMR  propellants 
would  show  a  significantly  different  change  in  muzzle  velocity  due  to  propellant  tempera¬ 
ture.  A  statistical  analysis  of  the  fits  to  determine  if  they  had  the  same  slopes,  indicated 
that  there  were  significant  differences  between  the  two.  However,  the  data  base  for  the 
Ball  propellant  is  much  larger  than  that  of  the  IMR  propellant,  with  data  located  at  the 
two  extremes  beyond  the  data  available  for  the  IMR  propellant,  affecting  the  outcome  of 
such  a  comparison.  Testing  the  means  of  the  two  propellants,  where  data  existed  for  both 
propellant  types,  indicated  that  there  is  no  significant  differences  between  the  mean  values 
(  \i\f'lT~ )  those  temperatures. 

From  a  practical  standpoint,  one  fit  combining  both  propellant  types  would  be  more 
desirable.  To  determine  if  one  fit  would  be  adequate,  a  comparsion  was  made  between 
the  delta  muzzle  velocities  obtained  using  the  fits  for  the  respective  propellants  and  the 
combined  fit  for  a  small  sample  of  projectiles  using  Ball  and  IMR  propellants  .  That  is,  a 
comparison  was  made  between  the  delta  muzzle  velocity  obtained  using  the  Belli  propellant 
fit  and  the  combined  fit;  and  a  comparison  was  made  using  the  IMR  propellant  fit  and 
the  combined  fit.  Although  the  differences  between  the  IMR  fit  and  the  combined  fit 
were  higher  than  that  of  the  Ball  fit  and  the  combined  fit,  the  differences  are  within  one 
round-to-round  standard  deviation  in  muzzle  velocity. 


III.  Conclusions 

The  muzzle  velocity  propellant  temperature  coefficients  determined  by  the  least  squares 
fitting  techniques  and  subsequent  analysis  indicated  very  similar  trends  for  the  Ball  and 
IMR  type  propellants.  Therefore,  one  muzzle  velocity  propellant  temperature  coefficient 
can  be  used  to  determine  the  change  in  muzzle  velocity  for  nonstandard  propellant  tem¬ 
peratures  for  the  small  arms  ammunition  using  the  Ball  and  IMR  type  propellants. 
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Figure  1.  Muzzle  velocity  propellant  temperature  factor  versus 
propellant  temperature  for  Ball  propellants. 


Muzzle  velocity  propellant  temperature  factor  versus 
propellant  temperature  for  IMR  propellants. 
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Figure  3.  Muzzle  velocity  propellant  temperature  factor  versu 
propellant  temperature  for  Ball  and  IMR  propellants 
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List  of  Symbols 


Symbol 

Definition 

Unit 

a 

Muzzle  velocity  propellant  temperature  coefficient 

1  /°F 

AMV 

Change  in  muzzle  velocity 

m/s 

MV 

Muzzle  velocity  at  a  given  propellant  temperature 

m/s 

MVstd 

Standard  muzzle  velocity  at  a  temperature  of  70°  F 

m/s 

SMV 

SPT 

Change  in  muzzle  velocity  with  respect  to 
propellant  temperature 

m/s/°  F 

PT 

Propellant  temperature 

°  F 
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APPENDIX.  APPLICATIONS 


The  muzzle  velocity  for  a  given  projectile  is  determined  in  the  following  manner: 
Given: 


Cartridge  30mm,  HEDP,  M789 

MVstd  S05  m/s 

Propellant  temperature  160°  F 

From  equation  [3],  Section  II,  the  change  in  muzzle  velocity  with  respect  to  propellant 
temperature  is  determined  by: 

(6MV\  .... 

\JPT  J  =  0  MVstd 

=  0.000405  *  805 

=  .326 


therefore, 


AMP  =  .326  *  (PT  -  70°F) 
=  .326  *  (160  -  70) 


=  +29.3  m/s 


where  AMY  is  the  change  in  muzzle  velocity  due  to  a  propellant  temperature  of  160° 


F. 


MPi60°F  =  805  +  29.3 


=  834.3  m/s 
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Or,  by  substituting  directly  into  equation  [2],  Section  IT: 


Ml Wf  =  [1  +  0.000405  *  (160  -  70)]  *  805 


=  834.3m/s 

Muzzle  velocity  correction  factors  for  various  propellant  temperatures  are  provided  in 
Table  A-l.  These  tabular  values  are  obtained  by  solving  equation  [1]  Section  II,  for  the 
propellant  temperature  of  interest.  Using  this  table,  muzzle  velocity  for  a  given  cartridge 
can  be  determined  as  follows: 

Given: 


Cartridge  30mm,  HEDP,  M789 

MV  std  805  m/s 

Propellant  temperature  160°  F 


From  Table  1,  the  muzzle  velocity  correction  factor  for  a  propellant  temperature  of  160° 
F  is  1.0364,  implying  a  3.64%  increase  over  the  muzzle  velocity  at  70°  F. 

MV \eo°F  =  1.0364  *  MVstd 


=  1.0364  *  805 


=  834.3  m/s 
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Table  A- 1. Ball  and  IMR  Propellant  Muzzle  Velocity  Correction  Factors  for  Propellant  Temperature 


TEMPERATURE 

MUZZLE  VELOCITY 

TEMPERATURE 

OF 

CORRECTION 

OF 

PROPELLANT 

FACTOR 

PROPELLANT 

0  F 

0  C 

-70 

HI 

-60 

HHHI 

-50 

.9514 

-45.6 

-'10 

.9554 

-30 

.9595 

.9636 

v.  r '  *-  "^Mh 

-10 

.9670 

-23.3 

0 

.9716 

-17.8 

10 

.9757 

-12.2 

■  ,  ■  ’ 

.9798 

-6.7 

.9838 

-1.1 

40 

.9878 

4.4 

50 

.9919 

10.0 

60 

.9960 

15.6 

70 

1.0000 

21.1 

80 

1.0040 

26.7 

90 

1.0081 

32.2 

100 

1.0122 

37.8 

110 

1.0162 

43.3 

120 

1.0202 

48.9 

130 

1.0243 

54.4 

140 

1.0284 

60.0 

150 

1.0324 

65.6 

71.1 

76.7 
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1  Tioga  Engineering  Company 

ATTN:  Mr.  W.  C.  Davis,  Jr. 

13  Cone  Street 
Wellsboro,  PA  16901 

1 1  Commander 

Armament  RD&E  Center 

US  Army  AMCCOM 
ATTN:  SMCAR-CCJ 

Mr.  J.  Ackley 
Mr.  V.  Shisler 
Mr.  H.  Wreden 
Mr.  J.  Hill 

ATTN:  SMCAR-CCL-AD 
Mr.  F.  Puzycki 
Mr.  W.  Schupp 
Mr.  R.  Mazeski 
Mr.  D.  Conway 
ATTN:  SMCAR-CCL-FA 
Mr.  R.  Schlenner 
Mr.  J.  Fedewitz 
Mr.  P.  Wyluda 

Picatinny  Arsenal,  NJ  07806-5000 


18 


No.  of 

Copies  Organization 

8  Commander 

Armament  RD&E  Center 
US  Army  AMCCOM 
ATTN:  SMCAR-CCL-SP 
Mr.  W.  Bunting 
Mr.  P.  Errante 
ATTN:  SMCAR-AET-A 
Mr.  R.  Kline 
Mr.  Chiu  Ng 

ATTN:  SMCAR-FSF-GD 
Mr.  K.  Pfleger 
ATTN:  AMCPM-GMG 

Mr.  W.  Gadomski 
ATTN:  SMCAR-CCL-CF 
Mr.  J.  Cline 
ATTN:  SMCAR-SF 

Mr.  S.  Hoxha 

Picatinny  Arsenal,  NJ  07806-5000 
Aberdeen  Proving  Ground 

6  Director,  USAMSAA 
ATTN:  AMXSY-J 

Mr.  K.  Jones 
Mr.  M.  Carroll 
Mr.  J.  Weaver 
Mr.  W.  Heiss 
Mr.  J.  M.  Weaver 
ATTN:  AMXSY-GI 

Mr.  L.  DeLattre 

1  Commander,  USATECOM 
ATTN:  AMSTE-SI-F 

2  Commander,  CRDEC,  AMCCOM 

ATTN:  SMCCR-RSP-A 

Mr.  M.  Miller 
Mr.  J.  Huerta 

2  Director,  USAHEL 

ATTN:  CT.CHE-IS 

Mr.  B.  Corona 
Mr.  P.  Ellis 

1  Director,  USACSTA 

ATTN:  STECS-AS-LA 

Mr.  G.  Niewenhous 
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Intentionally  left  blank. 


20 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effon  to  improve  the  quality  of  the  reports  it  publishes. 
Your  comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  BRL  Report  Number  BRL~MR-3825 _ Date  of  Report  APRIL  1990 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest 

for  which  the  report  will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source 
of  ideas,  etc.) _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars 
saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Name 


CURRENT  Organization 

ADDRESS  _ 

Address 


City.  State,  Zip  Code 

V.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  New  or  Correct 
Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


Name 


OLD  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  mail.) 


■FOLD  HERE — 


Department  of  the  Army 

Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 
Aberdeen  Proving  Ground,  MD  210*  ‘-5066 
OFFICIAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  No  0001V  APG,  MD 


POSTAGE  WU.  BE  PAD  BY  ADORESSEE 


Director 

U.S.  Army  Ballistic  Research  Laboratory 

ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-9989 


FOLD  HERE 


